We have long speculated [50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 2] , that 6 top + 6 anti-top quarks due to the realtively large size of the top-yukawa coupling would bind exceptionaly strongly by mainly Higgs exchange. Here we present a surprisingly simple "calculation" of the mass of this speculated bound state. Even a possible resonance in scattering of two such bound states is speculated. For the "calculation" of the masses it is crucial to assume, that our since long speculated principle "Multiple Point Principle" [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18] , is true. This principle says: there are several vacua all having almost zero energy density. Further we make an approximation of the Higgs Yukawa potential essentially replacing the exponential in it by a step-function. The new result means that there are now two independent calls for our bound state having the mass around 750 GeV required by our "new law of nature" the Multiple Point Principle. It should be remarked that in our picture there is no new physics in the sense of new fundamental particles, but the "Multiple Point Principle" is new in the sense of being not yet accepted. Further we get the same mass within uncertainties as earlier[2] but now from a completly different assumption, except for being from our "multiple point principle". But the two masses are gotten from using different (speculative) vacua occuring in the pure Standard Model.
Introduction
We -especially C.D. Froggatt Larisa Laperashvili and myself -have long been speculating on a very strongly bound state [50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 2 , 1] of 6 top and 6 anti top quarks, being held together mainly by exchange of Higgs bosons in a picture connecting it with our (and Don Bennetts also) principle of degenerate vacua [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18] . Mostly we just claimed that we assumed/imagined, that this bound state were very strongly bound, meaning that its mass should be appreciably smaller than the collected mass of its 12 constituents 12m t = 2076GeV . However, C. D. Froggatt and I [20] in some appendices mainly achieved an estimate of the order of 285 GeV for the mass of this bound state. This estimate were strongly based on the assumption of the degeneracy of the present vacuum with a vacuum, in which there is a lot of copies of the bound state, the "condensate" vacuum. It is the main purpose of the present article to redo in a somewhat more direct way the calculation, made together with Colin Froggatt. As a little fun thing some corrections approximately cancel each other in such a way that we can get a rather simple calculation at the end, and the very simple result that the mass of the bound state very crudely has the mass 4m t , where m t is the mass of the top quark.
The great interest of this crude estimation of the mass for our hoped for bound state from the mentioned degeneracy assumption of the "present" and the "condensate vacuum" is that recently Laperashvili, Das, and myself connected [2, 1] the mass of our bound state with the rather little difference in energy density between the present vacuum, and the vacuum corresponding to the high Higgs field minimum in the effective potential for the Higgs field. And remarkably, we found within estimation uncertainty the same mass in the two different ways of estimating the mass of the bound state. It should be stressed and understood, that we have a picture, in which we speculate there to exist three -and most importantly degenerate -vacua, and then we calculate the mass of our bound state in two different ways, namely requiring the present vacuum degenerate with the "condensate" giving -in the present article -the value 4m t , and with the "high Higgs field vacuum" giving about 710 GeV or 850 GeV also rather uncertain though. It is the remarkable compatibilty of these two quite independent mass estimates, which is our main point! If this is not just an accident, then there must be something about both the bound state and our Multiple Point Principle about degenerate vacua! This "Multiple Point Principle" causes restrictions between coupling constants and thus potentially serves as a candidate for a "solution" to fine tuning problems [55, 56] . This "Multiple Point Principle" (=MPP) says, indeed, that there are several vacua with extremely small energy densities. We could also say, that it means that the universe-vacuum is just at some multiple point, where several phases can coexist, much like one at the triple point for water has coexistence of ice, fluid water, and vapor for a common set of intensive variables, pressure and temperature. There may be no real good derivation or argument for our multiple point principle in spite of the fact, that we and others have publiched some attempts to derive this principle [5, 18, 19, 3, 4] , but all such arguments would have to involve some influence of the future on the passed,or at least on the coupling constants, and that would make all such derivations of MPP (="Multiple Point Principle") suspicious. The reader should rather take some previous works -even prediction(s) -as well as the results of the present work as empirical evindence for this new law of nature, the" multiple point principle".
The calculation to be presented below is indeed just a slightly renewed version of the calculation delivered in the appendices of our earlier article [20] , in which it is heavily used, that there should exist a new vacuum degenerate in energy density with the present one and with an approximated structure, as if the S-particles(what we called our bound state, which so much happened to fit the by now digamma fluctuation called in its fashion F, that we shall call it F now ) were sitting as the carbon atoms in the diamond chrystal, as we shall review in section 3. Colin Froggatt and I ended in these appendices [20] with a mass 260 GeV for the bound state, but we certainly did not believe our mass prediction 260 GeV to be very accurate. For the trustworthiness of our whole story the recent work of Larisa Laperashvili, Chitta Das and myself [2] relating the mass of the speculated bound state to the degree of instability/negative energy density of the second minimum in the Standard Model Higgs field effective potential calculted without inclusion of our bound state. The point is that in order to achieve just zero energy density (as our Multiple Point Principle requires) for the vacuum represented by the second minimum the correction required is just getting right for the mass of the bound state F being in a range very close to 750 GeV. We shall return to this work in the last subsection in the conclusion 9.2.
In the following section 2 we shall review our model of there existing an exceedingly strongly bound system of 6 top + 6 anti top quarks, and of our "multiple point principle" fine tuning the coupling constants, so that for instance a condensate of the bound state can fill the vacuum and cause a "new vacuum" with the energy density just finetuned to be again remarkably small, of the same order as say the astronomical observation of the energy density(= cosmological constant) of the vacuum, in which we live. (This astronomically observed cosmological constant is quite negligible compared to the energy densities of any significance for high energy physics parameters such the bound state mass or the Higgs mass). A subsection 2.1 of this section 2 is assigned to our "new law of nature","Multiple point principle". In the next section 3 we then model in a very crude approximation and in a non-relativistic picture the just mentioned new vacuum 1 in our model called the "condensate vacuum" as containing a bose-condensate of the F bound states by suggesting as a very crude approximation, that this vacuum has a system/a lattice of F(750) particles interacting with their neighbors contained in the vacuum. We take the "atoms"= the F's in this lattice to interact in analogy with the carbon atoms in a diamond chrystal. In order to compare the interactions and the binding energies we ignore the effect, that when a top quark goes around /is bound to a swarm of with the same radius bound quarks and antiquarks, it only "feels" the force from about half the number of particles in the swarm. However, we argue in section 4, that the exchange of what we call "eaten Higgses", and which really is exchange of the longitudinal components of weak gauge bosons W and Z, happens with help of gluons also just accidentally to cancel this effect. It is very important for the success of our whole picuture of bound states and a vacuum condensate numerically, that inside the bound state F as well as in the condensate vacuum the effective Higgs-mass is appreciably lower than the Higgs mass of 125 GeV observed experimentally. Since, however, the Higgs field expectation value inside the bound state and inside the condensate vacuum is significantly lower than in the usual vacuum, the Higgs self-interaction indeed cause a smaller Higgs mass effectively in these places with many top and anti top around on the average. This deminished effective Higgs mass is discussed in section 5. In section 6 we then for simplicity make the very crude assumption of approximating the exponential factor exp (−m effective Higgs mass r) in the Higgs-Yukawapotential by a step-function, a θ("number ′′ − m effective Higgs mass r) meaning, that we put the Higgs mass to zero for small distances, while we put the Higgs Yukawa potential to zero for large distances. Next in section 7 we "calculate" or rather very crudely estimate the mass of the bound state F from the requirement of the MPP assumption of the equality of the energy density of the "condensate vacuum" and the vacuum, we live in. So our new principle MPP is really crucial for our mass prediction! In section 8 we also with the same picture discuss the at LHC actually first found possible resonance -of mass 1.8 TeV -seen(?) decaying into weak gauge bosons(it is very dobtful). We take this resonance to be composite from a couple of F's as very weakly suggested from the mass of the 1.8 TeV (we shall see combining the present work with our earlier work with Laperashvili and Das [2] that an F-mass around 800 GeV is called for) possible particle being crudely twice that of F. A little problem for our interpretation of the 1.8 TeV state this way may be its relatively small width observed. The problem is dicussed a bit in the subsection 8.1.
In section 9 we review and comment our result. In the subsection 9.2 we summarize, that the value for the bound state estimated in the present article -developping the result of [20] -and the value for the bound state needed for a quite different multiple point principle requirement coincides remarkably! 2 Bound State Picture and "Multiple Point Principle"
The crucial suggestion behind our bound state model of 6 tops + 6 anti tops that since Higgs exchange like any other even order tensor particle exchange delivers attracktion between top and top, or top and anti top, or anti top and anti top as well, we get stronger and stronger binding between the top and anti top quarks the more of them we imagine brought together. It is because the top and anti top are the strongest binding quarks, that this type of binding becomes most relevant for the top and anti top. Now. however, the quarks are fermions and thus you cannot just unlimmited clump arbitrarily many, e.g. top quarks, together. Since the top quark has a color degree of freedom taking three values, say: red, blue, and yellow, and a spin degree of freedom, that can be up and down, one can bring 3*2=6 top quarks into the same orbital state, but because of fermi-statistics no more. So there can in a single orbital state be just up to 6 top + 6 anti top. Thereby a closed shell is so to speak formed (in the nuclear physics sense). In the zero Higgs mass approximation, which will be effectively valid, when the size of the bound state -the radius -multiplied by the effective Higgs mass is small, the attracktion between the top-quarks or between tops and anti tops is quite analogous to that between an atomic nucleus and an electron. So we can for first orientation use the terminology from the quantum mechanical description of atomic physics. Approximating the bound state, that we suggest to be possible to form from 6 top + 6 anti top by thinking of each top or anti top going arround a collected object formed from the other 11 quarks, we can talk about different "orbits" in the atomic terminology of a main quantum number n taking positive integer values and further l (the orbital angular momentum magnitude being l(l + 1)) and m(the angular momentum around the quantization axis). As in atomic physics the particles in the n=1 orbit are bound strongest. Analogous to the helium atom having especially high excitation energies, we have because of the color factor 3 and both quark and anti quark an especially stable system being a bound state of 6 top and 6 anti top quarks.
Whether the binding of such a system of 6 top + 6 anti top now is sufficiently strong to even bind to form a resonance, with a rather small mass (as we shall need say about 750 GeV) compared to the collective mass of 6 top + 6 anti top, 12 m t = 12* 173 GeV = 2076 GeV, is controversial [83, 84, 85] . However, we think ourselves [53] , that making use of a long series of corrections, especially also exchange of the other three components of the Higgs than the as simple particle observed component, we can stretch the uncertanties in the calculation so far as to allow such a light bound state to be possibly formed [53] . These other components of the Higgs are really present in the Standard model as W's and Z longitudinal components. We call them "eaten Higgses", but really of course it just means to include weak gauge particle Z and W exchanges.
It is important for our hope, that the bound state can indeed bind so strongly, that it gets so tightly bound, that the strong Higgs fields inside the bound state even can modify the effective mass of the Higgs significantly there. We estimated that a top-Yukawa coupling of g t = 1.02 ± 14% would be just sufficient to bind an extremely light bound state of the 6 top and 6 anti top, and would match with the experimental top-Yukawa g t = 0.935. But Shuryac et al. [83, 84, 85] find, that due to the high Higgs mass, it cannot bind at all for the experimental value of g t .
MPP
The whole speculation about our bound state of 6 top + 6 anti top is a priori rather much taken out of the air by itself. However, we have all the time proposed it only connected with another speculation, the "Multiple Point Principle". This is, you could say, a wild guess about simplifying the fine tuning problems of the Standard Model. In order to formulate just the cosmological constant problem about, why the cosmological constant(= the vacuum energy density) compared to say Planck scale dimensional expectations is so enormously small, one needs an assumption of the form "The energy density of vacuum is extremely small!" Now you could look at the "Multiple Point Principle" as an extension of this anyway needed assumption, without really complicating it severely: "Several vacua have extremely small energy densities!" 2 . We almost just have put the anyway needed assumption into "plural", or changed the "quantor" from "The physical vacuum..." to "Several vacua...". Now the real supporting point for this principle is, that although it is not unneccesarily complicated, it is the one, which Colin Froggatt and myself managed to use to make historically [9] in 1996, long before the Higgs particle were found, to make a prediction of the Higgs mass of 135 GeV ± 10 GeV. Now our prediction using the same Multiple Point Principle would be 129.4 GeV [44] but with a much smaller uncertainty, comparable to the experimental uncertainty of a few hundred MeV. So at first it then looks, that while our original prediction agreed perfectly within errors, and the Multiple Point Principle were perfectly right, it is today deviating of the order of three standard deviations from matching experiment. This formal disagreement of the theoretical prediction actually occured in spite of, that the better calculations and better top mass moved our prediction closer to the experimental value 125 GeV during the time we had predited it. It is of course only possible that in spite of this development the agreement relative to the uncertainty could become worse, because the uncertainties in calculation and top and Higgs masses went down even faster. However, L.V. Laperashvili, C. Das and myself [2] found, that the existence of the bound state F of the 6 top + 6 anti top would make a little theoretical correction to the mass of the Higgs being predicted from the multiple point, so that the agreement might indeed be improved to be perfect, if the mass of this bound state is appropriate. A mass of the bound state ∼ 800 would be fine for correcting the Higgs mass to be observed to agree with a perfect degeneracy of the vacua.
It should be stressed, that this successfull Higgs-mass prediction as well as Colin D. Froggatts and mine controversial argument, that the top-Yukawa-coupling g t in order to allow for a condensate of bound states of 6 top and 6 antitop with energy density close to zero, must be close to the value 1.02 ± 14% supports the "Multiple Point Principle" as being a principle uphold by nature. The value g t = 1.02 ± 14% namely matches with the experimentally determined Higgs Yukawa coupling g t = 0.935. Really we just estimated, what the top-Yukawa coupling should be in order, that the bound state assumed to exist of 6 top + 6 anti top should have exceptionally low mass. But this should be approximately needed to have the condensating particle have mass close to zero in order for there being two degenerate vacua as required by MPP(="Multiple Point Principle").
This means, that even if the theoretical arguments for the MPP are not totally convincing, then there is some empirical evidence pointing in favor of this MPP. And the present article is meant to provide one more such indirect phenomenological support for MPP.
the same quantum single-particle-state, we tend to think that the exact boson condensate is less important than that the particles have the mutual configuration dimishing the energy density. We thus suppose that for the purpose of estimating the energy density of such a vacuum it is advisable to use rather some chrystal model for this vacuum, so that the way the particles may have arranged themselves relative to each other is hopefully more realistically taken into account. Since the constituents -the quarks and anti quarks -are fermions, we imagine, that the different bound states cannot penetrate into each other more deeply than this fermi-statistics allows. The fermions in one F neighbor to an other one cannot go deeper in than to the level with the main quantum number (in the atomic physics language) n=2. The n=1 level is namely occupied by the constituents of the first F. Now there are for n=2 four orbital states, one 2s and 4 2p-states, each of which in the case of say top quarks can contain 2*3 = 6 allowing 4 *6 =24 top quarks as constituents in the closest neighbor F's to the given one. There are of course also similarly place for 24 anti top quarks in these neighbors. So there is in the closest layer of F's around a given one place for (24 +24)/12 = 4 neighbors. Thus the analogy with a material with tetra-valent atoms (=having configuration number 4) such as carbon is called for. Therefore diamond is a candidate for a model for this "condensate vacuum". Colin Froggatt and I already used in an appendix in our article [20] such a diamond model. Via slightly indirect arguments we then very crudely reached a mass-prediction of 285 GeV for the bound state. In the present article the estimate is made a bit more directly, and the result comes a bit more like 690 GeV.
This analogy-choice means, that we decided to evaluate the energy density of the "condensate", or perhaps rather a chrystal of F particles sitting in a diamond shaped lattice attrackted most importantly to their four nearest neighbors F's. The attracktion potential is suggestively approximately estimable by considering an F neighbor to a given one having its 12 top and anti top quarks going around the latter in the main quantum number orbit n=2. If one could use pure atomic physics and ignore the Higgs mass, it would be wellknown that the binding energy in such an n=2 orbit is just 1/4 of the binding energy in the n=1 orbit, the Rydberg. = 111 GeV for the case of top-quarks with mass m t = 173GeV and an ansatz of 750 GeV for the mass of F as representing the two slightly different estimates given below for what our earlier work suggests [2] , 710 GeV and 850GeV. If we ignore the screening effect, which is claimed to be just compensated for in section 4, the binding of top quark say due to a neighboring F in the diamond-like lattice is thus just 1/4 of this 111 GeV, i.e. it is 28 GeV (really 27.65).
Our calculation below now consists in observing, that such 28 GeV per constituent top or anti top means, that a full F is bound to a neighbor by 12 * 28 GeV = 331 GeV. Now there are four neighbors but if we use that, we double count by a factor 2, and so at the end the binding per F-particle in the chrystal believed to be an alternative vacuum of the type suggested by MPP is 4/2 times this 331 GeV. That is to say, that the binding between neighbors in the diamond-like chrystal per F runs up to 4/2 * 331 GeV = 662 GeV. If this is taking into account our very crude estimates just equal to a mass 750 GeV for the bound state. Thus in our diamond chrystal model for the "condensate vacuum" we find that the Einstein(/mass) energy 750 GeV of the F in the supposed vacuum is just cancelled by the binding to their neighbors, accurately as our multiple point principle (MPP) requires! This is a coincience, that only happens for the mass of the resonance having the right value. But it is of course, if taken seriously, an evidence for our hypotesis the Multiple Point Principle.
Below in section 7 we shall calculate, what mass is it, that is required for this cancellation of binding energy against the Einstein energy of the F-particles thus allowing the energy density of the "condensate vacuum" to be zero.
An Accident Making Calculation Easy
The most important (attracktional) interaction causing the bound states such a low mass as ∼ 750 GeV say is in our picture the exchange of Higgs particles, meaning that it is the Yukawa potential. Most simply we would make an approximation, in which the top and anti top constituents are kept together by a Higgs field centered around the "center" of the F-particle (= the bound state(which we previously called S). Then in order that this approximation should be a good one for a top or an anti top far away from the at (relatively) long distance from this "center", we must make the strength of the Higgs Yukawa field around this "center" to be 12 or 11 times that of only one top or anti top. However, if at shorter distance we want the true strength of the Yukawa potential, we should rather only use as the strength of this the potential from this "center" being the half of that, i.e. as the one from rather 11/2 or 12/2 tops or anti tops. In other words, if we decide to work in the crude approximation of the potential being simply mathematically a Yukawa potential around a "center", i.e. having the form
then the constant K should rather be proportional to 11/2 than to 11, when there are 12 constituents in the bound state F. Indeed if all the 11 other constituents than the one considered were concentrated at origo we would have
With no smaering out:
while, if we, as we must realistically take it, have that on the average the constituents contributing to the attracktion of a given quark or anti quark are only the half of them being closer to the center than the given quark itself, then the Yukawa coupling coefficient K should rather be
In the average distance:
This complicates the calculation, especially since truly the potential inside the bound state is not of the simple mathematical form (1), but rather is a sum over several Yukawa potentials, one for each of the constituents. Now, however, we want in the present article aiming at a surprisingly simple "calculation" to consider a somewhat accidental compensation of this reduction in the Higgs field strength due to the smear out of the center by the constituents away from the very center by some corrections. The corrections which Froggatt and I considered in the article [53] and which could potentially help are:
• Exchange of gluons
• What we call u-channel exchange.
• Exchange of "eaten Higgses".
These are various interactions studied by us in the article [53] , which for the case of the two first ones at least can in the limit of small Higgs mass be included simply by replacing the coefficient K of the Yukawa potential by a larger value.
In our work [53] we in fact correct the simple (t-channel) -which is one to use, if the interacting quark is not exchanging quantum numbers under the Higgs exchange like in a uchannel scattering and the color field is screened and other exchanges ignored -Yukawa potential V t−ch. (r) = 11/2 * (gt/ √ 2) 2 4π * r by replacing it by a V total , which is given by
where
while
However, even though this compared to the t-alone V t−ch corredponding to 11g 2 t /4 is already roughly a doubling, the potential does at first to see not change its shape, and thus at first the effect of the effective charge being distributed, rather than concentrated in the center exactly, has not been corrected for. Thinking a bit more this is , however,not quite true because: The gluon exchange is actually quite absent, when we ask for the exchange force between two neighboring F-particles, because the F's are from outside seen colorless. So when asking for the potential keeping the tops and anti tops together inside the F-bound state, the gluon force is there, but when asking for the potential between the two F's interacting with each other, only the Higgs exchange is present. This effect gives in fact some compensation for the mistake one would do by ignoring the smearing out of the central attracktor (smearing out of the analogue of the atomic nucleus in atomic physics).
It is more obvious that the third type of correction -"the eaten Higgs exchange" -is not of the same shape and thus can make a difference. The point is that, when an "eaten Higgs", meaning really exchange of a longitudinal W or Z 0 , is exchanged, the top will go into a different state, such as a left b-quark state instead. Such a changed state does not bind equally strongly as the then missing top or anti top would have done. This means that the modified top or anti top being the left bottom quark or left anti bottom should rather quickly be brought back to become a top or anti top, if a large energy increase shall be avoided, and we of course think of the ground state. But some amplitude for there being a component of the modified top or anti top is calculable in second order perturbation theory. We may think of this interaction expressed just in terms of top and anti top effectively taking into account the second order perturbation, wherein the "eaten Higgs" has been exchanged twise. Such a double eaten Higgs exchange effectively represents, rather than the long range Yukawa type interaction, a shorter range interaction having rather the form ∝ 1/r 2 than the Yukawa going rather ∝ 1/r. So the eaten Higgs correction will change the effective shape of the potential. It namely contributes mainly only at short distances r.
At formally very small distances the three eaten Higgses couple very similarly to the uneaten one, so one should think it would be like g 2 t were increased by a factor 4. But as the distance r gets larger the eaten Higgs attracktion will completely disappear. But taking it more in conformity with the speculations in our work [53] it is the combined effect of two Higgses (eaten or not) which goes by a Feynman diagram with four g t factors, that goes up by the factor 4 being the number of eaten plus uneaten Higses compared to the only one uneaten Higgs. If we take this correction of the coupling square g 2 t to mean that it gets increased by a fator 2 in the tight region, while there is approximately no change due to the eaten Higgses for large distance r, then we could say: The g 2 t effectively to be used for the main quantum number n=1 should be increased, at most though up to being doubled, while the force in the main quantum number n=2 orbit should be essentially unchanged by the eaten Higgses. This would potentially compensate the effect of the only 11/2 or 12/2 instead of 11 or 12 due to the screening, that half the attrackting quarks or anti quarks are outside the quark, say, to be attrackted and thus do not provide any attracktion. However, as just said the factor 2 increase of the effective g 2 t due to eaten Higgses were rather an upper bound than the most honest estimate. But now it is then very good for obtaining an approximate compensation of making the error of ignoring the smear out of the cloud of the attrackting particles, that also the gluon exchange gives a contribution to the attracktion of the tops and anti tops being bound to form the F, while NOT contributing to the attracktion between neighboring F's. Now what we are really going to use our "accidental" cacellation of the smear out of the consisuents for is to obtain the ratio of the binding energy of a constituent in the n=2 orbit to be just 1/4 of that in the n=1. Of course as long as the effetive Higgs mass would be positive, there would allways be an error in this use because the n=2 binding energy will be numerically suppresed more the effective Higgs mass than the n=1 orbit. The rudiment of the Higgs mass non-zero effect will also contribute to counteract to the ignored effect of the smearing out of the constituents.
So as a crude, more or less accidental, cancellation we shall simplify our calculation by taking it, that the eaten Higgs correction helped by a couple of smaller effects drops out against the effect of half the quark or antiquark sources being outside for the n=1 orbit. This then means that we can formally allow ourselves to calculate as if there were no sources-outside-effect and no eaten Higgs effect, and even as if the gluon attracktion had same coupling in both n=1 and n=2, being totally absorbable in the Higgs exchange. So we could go on very simply both ignoring gluons -absorbed into Higgs -and the smearing out of the attrackting cloud, being compensated for by other effects.
This would mean, that we could calculate as if: Each quark were bound by a completely central point Yukawa potential and the very same strength could be used then for all the orbits n=1 , n=2, and so on.
That is to say we could claim, that after this cancellation -a bit accidentally -the binding energy of say a quark in the zero Higgs mass limit would be just bound by a factor 1/4 in the n=2 orbit compared to its binding in an n=1 orbit.
Higgs-field and Higgs Effective Mass in the Different Vacua
The zero Higgs mass approximation is, however, not so obvious, and if we cannot use it, then of course the binding in the n=2 orbit might not even be 1/4 of that in the the n=1 orbit as we claimed after our assumed cancellation, see section 4.
We already mentioned, that we here would make another rather drastic approximation: We would replace the exponential factor in the Yukawa potential by a theta-function like function. That is to say we would in the different situations, meaning respectively Since the average Higgs field in the condensate vacuum is clearly smaller than in the ordinary or physical one, the effective Higgs mass will due to self-interaction easily be seen to be also smaller in the condensate than in the ordinary vacuum. This is seen from the following:
• Since say the top quark gets its mass from the interaction with the vacuum Higgs field, it is obvious that a diminishing numerically of the Higgs field just around a top quark would lower the energy/mass. This possible adjustment to lower the energy is in fact what brings about the Yukawa potential around say a top quark. To minimize the energy by adjusting the Higgs field around a top it actually pays energetically to let the Higgs field diverge infinitesimally near to the top, but in the surrounding region the Higgs field further and further away go back to its usual vacuum expectation value. This is how the Yukawa potential comes about.
• If the Higgs field in some region remains very close to some value φ 0 say, then small deviations in the Higgs field φ H from this φ 0 will behave as if the Higgs mass squared were m 2 ef f Higgs mass =
. Now the Higgs effective potential actually has such a form, that when the value is numerically lowered the second derivative also becomes lower, end even at some point becomes zero and then negative. It is wellknown that for zero Higgs field the effective Higgs mass square in our sense here is the tachyonic Higgs mass square, i.e. negative.
That of course in turn means that the zero Higgs mass approximation gets better in the condensate than in the ordinary vacuum. It is therefore possible and we shall assume that -hopefully after a numerical estimate, that it happens to be so approximately -while for the condensate vacuum the zero Higgs mass can be used including the n=2 orbit, i.e. for orbit n=1 and n=2, in the ordinary vacuum only the n=1 orbit allows the zero Higgs approximation, for the higher ones we let the Yukawa potential completely be approximated by zero(this corresponds to infite Higgs mass relative to the inverse radius for these higher than or equal to n=3 orbits).
The here suggested treatment of the Yukawa potential is not exactly to take it as a step function, but it is approximately so.
To summarise the rule suggested -and to be confirmed by some estimations -:
• Condensate vacuum In the condensate vacuum we take the Higgs mass zero for orbits n=1, and 2, and huge, say infinite, for n=3,4,...
• Present vacuum while in the vacuum, we live in, we instead take Higgs mass zero (only) for n=1, while infinite or huge for n=2,3,4,...
Calculation of the Mass of the F Bound State
The basic requirement used in the present "calculation" of the mass of bound state S=F of 6 tops + 6 anti tops is, that in a presumably too naive nonrelativistic thinking the energy density of the condesate vacuum shall be zero. Of course this zero should be understood as being compared to the background being identified with the vacuum, in which we live. Taking the zero to be relative to energy density in the usual vacuum, means that we only have to include those energy carying ingredients, which are not also present in the usual vacuum, in which we live. Since the "condensate vacuum" is characterized by its extra F-particles, it is the energy density resulting from these particles and their mutual interactions, that should be added up and required by MPP to be zero. That is to say we shall assume, that the energy in the condensate vacuum per F-particle, i.e. really ρ −1 F ρ energy , is zero. Here we used the notation that ρ F is the density inside the condensate of the particles F, while the energy density of the condensate, counted relative to the vacuum, we live in, and which have no F's in first thinking (of course there are some vacuum fluctuations, but that is not counted into neither ρ F nor ρ energy , if the same is present in the vacuum, we live in.)
This MPP-requirement is written
We shall indeed follow an appendix of our earlier work [20] and assume, that the structure of the condensate can be approximated as being a diamond lattice structure, so that there are just #neighbors = 4, i.e. other F-particles surrounding each one of them in the lattice. When we count all the binding energy per F present in the condensate "binding per F ′′ as being the number of neighbors #neighbors times the binding of one F to its neighbor "binding to neighbor F ′′ , we double count, because we count the same binding from both the one F and from the other one it binds. Therefore we must have the denominator 2 seen in the formula (16) .
We made then the approximation, that we can effectively consider it, that the neighboring top quarks and anti topquarks contained in an F neighboring to another one are in effect in the n=2 orbit of the latter. Thus we can take the binding energy of a neighboring F to a given one "binding to neighbor F ′′ to be as, if the top and anti tops were in an n=2 orbit or some superposition thereof. Thus the binding of the neighbors occur with binding energy "binding of F in n=2 around another F ′′ . As long as we can take the effective Higgs mass for the two lowest orbits n = 1 and 2 to be zero, we can count, that the binding energy, for top say, in the orbit n=2 is just one quarter of that in the n=1 orbit, provided we can use the same potential of the form ∝ 1/r. But now that were, what our above discussion "accidental cancellation" in section 4 should ensure, and so even for an F-particle, which consists of tops and anti tops the ratio of the binding energies should be 1/2 2 = 1/4.
From the last step in (16) we easily derive of course m F = 2 3 * 6m t = 4m t = 173GeV * 4 = 692GeV agreeing well with 710GeV or 850GeV ! (17) 8 Calculation of the Mass of the into Gauge Bosons Decaying Observed (?) 1.
TeV-Resonance
In general our model means that the Higgs coupling of our bound state, F or S, is very strong, and several such bound states interact -actually attrackt -each other. Thus we expect that there should exist further resonaces formed from two or more bound states. After all we even have used the picture that there is new phase a new vacuum, which might be considered a huge bound state of an infinite number of our bound state of 6 top and 6 anti top, F. The most significant of such further bound states of our bound states would presumably be a resonance of just two of them. It happens that the resonance doubtfully seen [70] in the decay into Z's or W's with mass 1.8 TeV could be identified with a resonance consisting essentially of two F-particles, which in turn are the bound states of the 6 tops and 6 anti tops each.
Already the fact that the mass 1.8 TeV is very crudely just that of two F-particles(with mass as our bound state calculation based on MPP suggests), 2* 750 GeV = 1500 GeV = 1.5 TeV, suggests such a thinking. But now we shall estimate the mass of the 1.8 TeV resonance by the following proceedure:
If we could calculate as above that the attracktion in the n=1 and n=2 orbits were as if the Higgs mass were zero, we could have one F bound to another one by having all the tops and anti tops of the one going into the n=2 orbit of the other one. Then the binding would according to our rule used above be just 1/4 of the binding of one F-particle 12m t − m F . Now, however, because of the effective Higgs mass being smaller in the situation, wherein we have only two F-particles rather than a full condensate, as we thought about above, we should take it that the attracktion in the n=2 disappears, when going from the condensate to the system -the 1.8 particle we hope -of only two F's. This change we then treat as a perturbative correction to the first mass for the two F-bound state of 2m F − 1 4 * (12m t − m F ) due to the change of the potential energy between the two F-particles disappearing. Now in potentials of the 1/r form, which we use as our approximation here, the virial theorem allows us to use, that the pototential energy is negative and just twise the binding energy. The energy or mass of the two-F-resonance will thus rather be increased compared to the mass of two F-particles than decreased by the amount of That is to say the mass of the resonance -which we want to identify with the 1.8 TeV finding -is given as
which agrees -accidentally? -wonderfully with the number 1.8 TeV from the experiment!
Excuse for Narrow Width
When you think about our huge Higgs mass approximation for the case of binding of just two F-particles, you see that formally there is no interaction at all between the two! This would not allow a narrow resonance. Therefore we need some helping story to excuse that the width after all gets so small, that we experimentally shall conceive of the resonance with mass 1.8 TeV as a resonance at all.
The excuse suggested is, that during the interaction assumed to be mainly given by Higgs exchange in our calculation the two 6tops + 6 anti tops boundstates F are partly annihilated so as to be in reality not really two true F-particles, but rather some similar structures with a bit smaller numbers of constituents. We could still hope that although such a partial annihilations, that could go back and forth, while the two F's move arround, could help to decrease the decay rate and making the width of the 1.8 TeV-resonance smaller, it would not severely modify our crude estimate above.
The narower we can speculate the 1.8 TeV resonance to be w.r.t. decaying into two F's the bigger we can hope for the partial width into other channels than the channel into two F's. Since it is so far only seen in vector boson channels, it is needed to be speculated, that the two F's channel does not take away all the 1.8 TeV particles.
Conclusion

The New "Calculation"
We have presented an overly simple "calculation" leading to there being due to the strong topYukawa coupling and under the assumtion of a finetuning ensuring a with the normal vacuum degenerate one with a condensate of bound states S=F of six top + six anti top, two "resonances" with masses respectively m F = 12m t 3 = 4m t = 692GeV (19) m 1.8 = 2m F + "kinetic energy of n=2 orbit" = 2m F + 12m t 6 = 2m F + 2m t = 1846GeV (20) These results were obtained in the philosophy, that the coupling constants -especially say the top-Yukawa-coupling g t -are by the new principle "multiple point principle" adjusted/finetuned to make the energy density of a condensate of F-particles -which we earlier caled S-particles -(the bound states of 6 top + 6 anti top quarks) have just the same energy density as the usual vacuum (in which we live). That were to say, that the interaction between the F-particles in the condensate should be just so strong an attracktion between them, that the total energy (density) of the condensate just becomes zero (relative to the normal vacuum). That is to say the binding between the neighboring F-states just equals the mass-energies of these F-states. If one therefore considers our good agreement of the masses as an evidence for the truth of the assumptions having been used, then there is a significant evidence for our long speculated "Multiple Point Principle"! It must, however, be admitted that the present very simplified "calculation" were based on a very crude treatment of the Yukawa potential representing the Higgs exchange between the F-particles, which is the (main) interaction between these F-particles in our picture. In fact we approximated Higgs exchange by letting the Higgs be effectively massless, when the top-antitop quarks are in relative orbits with atomic main quantum number n=1, while we let the Higgs potential be totally cut away for n=3, 4, ... . For the main quantum number n=2 we made the more complicated assumption of letting it be either as for a zero mass Higgs or cut down to zero according to the surroundings, which influence the average Higgs field. Indeed we took for n=2 the Higgs exchange force to be like for massless Higgs inside the condensate vacuum, while we put the exchange potential to be zero, when applied in the two-F-system identified with resonance hoped for with the mass 1.8 TeV. Although the resonance previously experimentally suggested as excess seen decaying into weak gauge bosons does not seem much supported, it would for our system be very fine with such an 1.8 TeV resonance. In general some related resonances to our main bound state with mass in the 750 GeV range are in our scheme not unexpected, since we after all have a scheme with -a new type(i.e. not just QCD.) of -strong interactions. The mass region at about 1.8 TeV is the first suggested such further resonance to be expected.
Thus more severe calculations are to be performed to truly settle, if our calculations are right. It should in this connection be stressed, that since our model is in principle only Standard Model extended with our Multiple Point Principle used to restrict the coupling constants, one should in principle be able to calculate whatever one wants. With a relatively strong coupling g t being the very basis for the whole story there is though of course the complication of not having in principle the basis for perturbation theory.
Main Coincidence! Earlier Bound State Mass Fit from MPP
It should be stressed that the main point and result of our estimate that our mass estimate coincides with an earlier result obtained also using MPP but using a differeent vacuum the "high Higgs field vacuum" -we could call it-:
A recent work by Larisa Laperashvili, Chitta Das and myself [2] , in which we have the bound state, F-resonance, give a little correction to the mass of the Higgs, that should be measured relative to the one associated with the running self coupling at the weak scale, improves the agreement with exoeriment of requirement of Multiple Point Principle for yet a vacuum. Indeed we have in our picture a third vacuum (in addition to the usual one and the condensate vacuum with its F's in it), namely one with a very high Higgs field expection value. According to Standard Model caculations witout our bound state the high Higgs field vacuum has a slightly negative energy density (compared to the two other vacua). However, we find a little correction depending among on other quantities on the mass of the bound state. We found that this bound state mass put to 750 GeV would fit wonderfully and consider, that this fact strongly supports the truth of MPP. In fact it turns out that the mass 750 GeV for the bound state F is perfect for the correction of ours just to bring the energy density of the vacuum with the high Higgs field expectation value from its otherwise slightly negative value to zero. This means that our Multiple Point Pinciple using a quite third vacuum, namely one with a high Higgs field expectation value of the order of 10 18 GeV, leads to a need for a particle -our bound state indeed -with a mass about 750 GeV also. This means that now , when the F(750) fluctuation digamma once so fashionable turned out being only a statistical fluctuation, then we would nevertheless from Multiple Point Principle get two different and essentailly independent reasons for our bound state to have the mass near the value 750 GeV. That is to say we would then claim, well our bound state should be with a mass close to 750 GeV. We have already two calculations of this mass in different ways, although both originating from the same principle MPP, but involving quite different data to fit.
In fact Larisa Laperashvili et al. [2] uses a corection due to the diagram in order to correct the running self coupling of the Higgs λ run (10 18 GeV ) corresponding to the observed Higgs mass 125 GeV to go from the value obtained by DeGrassi et al. [44] of λ(φ "high field" ) = −0.01 ± 0.002.
at the high field scale φ "high field" to the value very accurately zero requied by Multiple Point Principle(=MPP). Since bound state F is an extended object we must include a formfactor, when using it. Defining a quantity b denoting the radius of the bound state measured with top quark Compton wave length 1/m t as unit by:
we obtain a theoretical estimate
crudely confirmed by a slightly different estimate.
The dominant diagram/correction -the first and quadratic of the diagrams on the figure just above -is
where we have the estimated or measured values g t = 0.935; m t = 173GeV ; b ≈ 2.34or2.43
Using the after all rather small deviation from perfect MPP λ high field = −0.01 ± 0.002 and requiring it to be cancelled by the correction from the bound state we get the requirement
where g t = .935, m t = 173GeV , b ≈ 2.43 and the factor "(∼ 2)" were taken in to approximate some neglected diagrams, as the next on the figure In this way we got even two calculations for the bound state mass -using in addition crude estimationm F (from "high field vacuum") ≈ 850GeV ± 30%with ∼ 2 (26) m F (from "high field vacuum") ≈ 710GeV ± 30%without ∼ 2 (27) m F ("condensate vac.") ≈ 692GeV ± 40% (28) The agreement of the value "692 GeV" with the estimate(s) from the completly different vacuum with the high Higgs field "850GeV" or "710 GeV" is encourraging and a support of our "Multiple Point Principle"!
No Genuine New Physics
If our numbers are taken as so convincing that our picute should be taken seriously then we would have the consequences:
• We must take our "Multiple Point Principle" as a true new physical law, even the mechanism behind it may not be clear.
• We must accept that the Standard Model except for "smaller" deviations, that are too small to significantly modify the running of the Higgs self coupling, is valid all the way to about 10 18 GeV. Some see-saw neutrinos may be acceptable, as long as they do not couple too strongly to the Higgs to influence the running of its sef coupling. Otherwise it would be very accidentally that a pure Standard model calculation would give so consisten results.
So there would not be much place for new physics except for the various resonances formed from the boud states, because we now have a new regime of strong interactions that can only be treated by non-perturbative methods. (The suggestion for the 1.8 TeV resonance is an example for how there can be more particles in such a new strong interaction regime)
• There should be seen sooner or laler bound state of the 6 top + 6 anti top with a mass not far from 800 GeV.
But even if it thus looks a bit sad w.r.t. much new physics, one should not forget that having our Multiple Point Principle established would be a strong element of new physics, perhaps then of an a bit unexpected type.
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